Electron transfer by neuronal nitric-oxide synthase is regulated by concerted interaction of calmodulin and two intrinsic regulatory elements.
The nitric-oxide synthases (NOSs) are modular, cofactor-containing enzymes, divided into a heme-containing oxygenase domain and an FMN- and FAD-containing reductase domain. The domains are connected by a calmodulin (CaM)-binding sequence, occupancy of which is required for nitric oxide (NO) production. Two additional CaM-modulated regulatory elements are present in the reductase domains of the constitutive isoforms, the autoregulatory region (AR) and the C-terminal tail region. Deletion of the AR reduces CaM stimulation of electron flow through the reductase domain from 10-fold in wild-type nNOS to 2-fold in the mutant. Deletion of the C terminus yields an enzyme with greatly enhanced reductase activity in the absence of CaM but with activity equivalent to that of wild-type enzyme in its presence. A mutant in which both the AR and C terminus were deleted completely loses CaM modulation through the reductase domain. Thus, transduction of the CaM effect through the reductase domain of nNOS is dependent on these elements. Formation of nitric oxide is, however, still stimulated by CaM in all three mutants. A CaM molecule in which the N-terminal lobe was replaced by the C-terminal lobe (CaM-CC) supported NO synthesis by the deletion mutants but not by wild-type nNOS. We propose a model in which the AR, the C-terminal tail, and CaM interact directly to regulate the conformational state of the reductase domain of nNOS.